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TiiiMOf necrosis' factor inhibitors pmrificatlcrtij 
NHi-termiHal amino acid sequence and evidence 
for antl-inflaniiiiaf orj' and imnninomodulatory 
activities^ 



The urine of some febrile patients has been shown to contain a turnor necrosis 
factor-alpha-inhibiling aciivily (TNF-a INK) when tesied in a cytotOMicity assay 
using the TNF-susceptible cell line L-929. The inhibitor wan purified to 
homogeneity using a simple three-step procedure which iucluded aTNF-a alTinity 
column, catiom exchange and reverse-phase chromatography. The NH^'t^minal 
ammo acid .sequence oi" the inhibitor showed no sequence simyarily wiih proteins 
in clie daia buses used. Using ge! filtfaiion, it was shown thai TNF-a and rhc 
inhibitor form a stable complex which elulcd with a molecular weight of about 
75 (XX). This value corresponds to the sum of the inhibitor (-■'30 000) and TNF-a 
(-45000-50000) molecular weight. The TKF-a INH blocked prostaglandin Ez 
production by demnaJ fibroblasts in a dose-dependent manner, providing 
evidence for antiinOammatory activity. TNF-cc INH also blocked class I antigen 
expression in a dose-dependent manner as measured using the human Colo 205 
tumor cell line. Furthermore, TNF-a INH affected TNF-a synergism with 
IFN-y-induccd HLA-DR antigen expression but had no effect on IFN-y activity. 
The data presented demonstrate that TNF-a bioaciiviiy can be regulated at the 
protein IcveL 



1 Inlroduciion 

TNF-a. originally described as a monocyte product with 
anti-tumoral activity both i« vrvo and m vitro, is now 

reported to ha%'e multiple biological activities [1-3]. Thus, 
TNF~a plays a key role in inflammaliont by stiinulaiing 
PGE^ and coOrigeoase production {4], and in tissue remod- 
elling [5 , 6). In addition , TNF-a causes cachexia and aoernia 
[7] and enhainces HOLA-A.B.C and HLA-DR gene expres- 
^ion in various human txinior cell Ime^s [8]. The resiriction 
elcmenis function as recogoition structures for antigen- 
specific CFL and for the initiacioo of the icfUBune response 

TNP"-a e>;erts iLs cellular responses by binding to high- 
affiiiity cell surface receplors which have been recently 
charscterized {U, 12]. Although 7'NF-a induces muhiple 
bioiogical effects, it can also trigger target ceils to synthe- 
ixe cytokines which, in tisrn, mediate additional biological 
effccB. For example. TNF-a has been shown to induce the 
release of ILL granulocyte-macrophage CSR IL 6 and 
plaielei-derived growth factor. TNF-a also serves as an 
aurocrine iniraunomoduiator, aciivaring macrophages and 
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en hancing their cytotoxic potential in vitro [ 13-16|. In turn . 
other cytokines such as IL I can induce TNF-a 117], 

The understanding of cytokine regulation has been funher 

complicated by the discovery of inhibitors of !L i and 
TNF-a [18, lyj. We previously reported that the urine of 
some febrile patients contained a TNF-u rnhibiiing activity 
(XNF-a INH) when tested in a cytotoxicity assay on ihc 
TNF-susceptibIc cell line L-929 [19].The partially purified 
TNF-a INli :shows ^apecificiiy for THF-a b% li does noi 
inhihil IL I a or IL ip activity it docs, however, inhibic 
TNF-p activity to a small extent [20], TNF-a INH appears 
to act by directly binding to TNT-a [20} and may therefore 
be identical to the material under investigation by others 
(2,1, 22|, Wc have used ih}$ property lo pmih' Ihe TNF-a 
INH to homogeociU' The NH2-terHiinal ?;eqyea€i:^ of Lhe 
purified protein was determined, Evidence for ihe direct 
interaction of TNF-o/TNT-a INH was obtained from ge! 
lilt rat ion studies. 

In this report we aho show ihat TNT-a iNH regulates 
TNF-a inflammatory and immunomodulatory properties 
by affecting PGE2 production by dermal fibrobbsLs and 
HLA class I and IFN-yindluced HLA class If antigen 
expression in the Colo 205 human cell line. The aforemen- 
tioned TNF-a bioactivitics are, thus, shown to he modu- 
lated ai the protein level by the TNF-o INTi. 



2 Material and methods 
2 J lleagenCj!i: ftiid medm 

Triflooroacetic acid (TFA), HPLC grade was obtained from 
Pierce (Koolfon, Basel). Water and aceionitrile MFLC 
grade were from X E Baker Chcmicalii BV (Devenier, The 
Netherlands)* FCS, penicillin, slreptomycin, L-glutaminc. 
MEM, DMEM and RPMI 1640 were obiaiacd from Gibco 
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(Paisley, Scotland). Rccombinanl human TNF-a 
(hrTNF-a) wiih a sp. acL of 9„5 H 10^ U/rrsg [23] and 
hrIFN~Y with a sp. ac!, of 3 x 10^ U/mg were produced in 
co// (Biogen Inc. Cambridge, MA). 

Murine mAb OKIa (IgG^a) agamst HLA-DR was pur- 
chased from OrSho Daagnoslk S>i5;lem5t (RaritBiTij, NJ), 
Murine IgG^a for conlroj of noraspeciflc Jiitaining of tlic 
cclfe,wa8 ^rom Coulter !ioBT!unology (Hialeah, FL). Murine 
mAb to HLA-A.BvC (W6/32) was obtshied from the 
European Collection of Aiijmal CeU Cnlimcs (SaSlsbur>; 
GB). 

2.2 Cell csflilure 

The murSac fibrobia&i cell Usic* L-929 wa^ fnamtained by 

pis&sage in MEM supplcnicoied wUh 100 ^g/ml peniciiiin, 
J 00 Umd sSreptomydn, i% L-g!otamioe nnd 10% heat- 
irsactiv^stcd FCS. Ihe human foreskin fsbrobhLsts were 
prepared asde^ribed prcw?u^ly |24^25j and masnsiiined in 
DMEM swpple^YicmQd wsfh !00 ^ig/ml penidllm, 100 L7m5 
sUeptomycin. 1% L-gluiamhie and 10% no¥i"hc3t'in*JcU~ 
racd FCS. The cells were used for bioassay beiween ?he 
third and the severiSh passage v The hyroao nxrrsor ceU lint.* 
Colo 205 (gift from Dr. R Scheurich, Maj^-Fianefe Society, 
Gouingen, FRG) was maintained by pji^iiisagc in RPVH 16413 
j^yppieroejited wkh 100 fig/oif penidllin, ICKI U/mS slreplO" 
mycin, 1% L-gluiainine, W% Sseai-hsacuvatcd PCS and 
5 y 10 5 j^j 

Prior lo bioasssiy, all samples were steriliz^jd using a 
0.22"Ufn pore si2x» membrane (SLG S OZSBvS, MilHpore. 
Bedford. MA) and tested as previously dcs€ril>ed llM]. 
BrieOy, L~9'29 cells were seeded a£ 25 Df)0/weH and ciiUured 
for 24 The edits, were incubated wirh llsT-a FNH, 
hrTNF-a (1-5 ng/mi) and actssiosTiychi D (1 ^g/oii) (Sigsr^a, 
Si. Louis, MO)\ CeR lysis w^ss dctemitaed after 18 h of 
incubalsoo by stasning the plales with 0.5% cry^sSai violet. 
Dye isptsske was estb^iaied by using a niscrD-ELISA auto- 
reader (MR TfX); Dyrsaiech Laboratories Irsc*, Guernsey, 
Channel Islands. GB), One unit (U) of TN^Fhi INH is 
defined as ilje amount of inhibimr that bSoeks 50% of 
200 pgfml hrTNF-c«-i wdiioed cyiotoxicity when tested on 
the TNF susceptible Vmc L-929 hi she pmsence of 
actiiiomydn D. 

2.4 Urlsse eoiketk^s^s »iftd TNF-a INH pyriliCBliosft 

Urine (40}), collected from unirealed febrile pstjcrsis 

(body temper<?ture > 38.5 '^C) devoid of urinary^ infection;^, 
was conci^ntratcd by an Amicon uHrafiitratioji apparatus, 
HID FS-20 cartridge , inolecii iar sixe cutoff of approx. 5000* 
{Aniieon Corp., Lexuigton, MA). The concentrate 
(6CX)nil) wjis predpitaied wsih 80% saimaUon of sammo- 
nmm sulfate the peiles dis^solved m 150 ml of 10 mM 
Tris-HCf, pH 7,4. contaming 2 mM EDTA, 

A TT^F-a affinity coSums^ was prepared as described 
previously |20], Briefly, i mg hrTNF-a was coupled to 2 ml 
of Mhii Ixak Agaroiic (Kem En Tee Biotechfiology C^orpc, 
Heilcnip, Denmssrk) In 0»8 M phosphate buffer, pH 8*6, 



and lenriaLoijig aclive groups blocked by sncubaSion m 0. 1 M 
cthanolamine-HCL pH R,5. The coiwmn was equilabrsie^ 
with 10 niM Tris-HCi, pH 7.4> coniaiasng 2 mM EDTA. 
Coficerifiraled mine was appHed to riie affinssy co!ym?5. 
Bound protcia wh!^ eluled wkb 0.2 M glydm-HCU pH 3.5^ 
previously described f2-0},T3ie caused fractions (I ml) wem 
jmnrsediately adjusted to pH 7.0 by she addition of S to 45 id 
of I M Tm base. The fractions containing TNF-a INH wef^ 
pooled and concentrated by lyophiltearion/Fbc iyophijese^l 
proicin waH disi>olvcd sn 2 mS of 50 mM sodium ac«4alt 
buffer, pH diaiy^ed against die same buffer and applied 
to a Mono-S coSunm (0.5 x iO cm) (Fbs^rmacia, Uppsak^ 
Sweden) equUibrafied m the same buffer, Bound proteins 
were eluted with a Hnear gradient of 0~0>75 m NaCJ ki 
colnmn buffer Bi n flow rafc of J ini/misn Fiactjom (1 ml) 
were coOected *3nd tested for TNF-a INH. The fractbm 
cosiliiimng TNF a INH acsjvity were lyophilized. Jht 
lyophiHxed protem was reconsihuted whh 2 mS 0. 1% ITA 
(Fluka, Buehs, Swsl^eriand) and ssppHed to a Pro PRC 
-phase FPLC eoiomn (t}.5 x 20 em) (Fhiim?ad3> 
cqulHbrased in Q. I % TFA . Bound proteins were eluted wth 
a 0% -1^>0% JJceion'Urile gradient in 0T% I FA ai a Oov^ 
rate of 0.3 ml/min/Ib each fxacrioii (0.75 ml) 10 nl of M 
NH4HCO:^ %vas added, Neinraiked proteflsi was {yophilbed 
and then dis-sotved in I ml of 10 mM Tris-HCI, pH 7.4, 
containing 2 mM EDTA. This sisateriaJ waii used for bso^- 
say and Ls referred to as purified TNF~a IMI-L 

Fj-actions whsch revealed a single band of 33 kDa by 
SDS-PAGE were fractionated by Tnicrobore RP-liPLC 

using a Hewlett Packard rsiodel 1090 Hquid ehfoma(ogs^|>l! 
(Palo Aho, CA) fined wnh u model K)40A drode array 
dcteeior- Fractions were coliecicd manuaily into 1.5 m] 
p^^iypropylene tubes and .stored at - 20 *C HPLC separa- 
tions were done using a BmwnSce Labs RB3000 cartridge 
eolui'nn (Aqy^^paR^ RF30(), ocayl, 7 }xm partide size, 30 mm 
pore si^a, 2 A x 220 mm; ABI, FosH^r City, CA) equiii* 
brased in 90% solvent A and 10% solvens B. A gradient of 
mU'i^ni B from 10% io 30% and from 30% to 70% 
applied seqjiefUially for 20 and 3(} mm respectively; 
0.2 mi/snin. Sojvent A vyas 0,1% (v/v) aqueous TFA wd 
solvent B wf^s 90% (v/v) aceionitriie eofsiajning 0T% (v/v) 
TFA, Fraedons containii^g a susgie band with 33 kDa Isy 
SDS-PAGE were subjecicd to NHa-iorfninai ami^io add 
sequence aaalyji^is. 



IS Amitm add $eq»essce ss^^lysb 

NHa-terminal^mino acidsscqisencc wa.s performed using aji 
Applied Biosystems (WaxiingtOR, GB) sequencer (AB1> 
Model 477 A), using polybrcne as a carrier. The sequence 
n3n "^'a-s preceded by an external standard cahbration run, 
QuanuiarioBi of phcuyUhsohydantoin (FTH) amino ac'.ds 
%vas made on she basb of peak heighu PT^H derivauves of 
smino acids were analyzed by RP-WLC usmg ssn on-lsjae 
FTH amino acid ^snalyzer (ABI, Mode! 120) equipped 
a PTH~C18 cartridge colnmo (2.1 x 220 mm). 



HiTNF-a was lod&naied io a sp. act. of 2,2 x 10^ cpm/n| 
protein using the iodogen method [26j. ^-^I-TNF-a (t sg) 



Mi 
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iwas chromalographed, m Ihe presence or absence of 50 U 
l ofTNF'a INH by FPLC Samples (100 m1 m FBS) were 
applied to a Ss^perose 12 columns (Pharmada) eqyilsbrated 
in PBS eontaming i% glycerol (Fliika), The eolomn wa^^ 
eluded at a ilow rate of 0,2 ml/mm, Fsijetions (0,5 rn!) were 
coHecied and counted for che presence of ^^I-FNF-a in a 
Y-countcr (LKB, Bromma. Sweden), The column was 
caiibmied wish ihe followmg msjrkc!^: deKiran bJue 
(—2000 kDa); phosphoiylase b {94 kDa); bovmc serum 
ajbiimm (67 kDa), ovaibumin (43 kDa); Ci-chymotrypsifio- 
gCBi-A (31 kDs); soybei^n Irypski inhgbkor (25 kD<i); 
ribonudease (13 kDa) mid phenol red (350 diiSton), 



2J PGE2 prodiicfloo by Is^mai^ derm^i Sbmblasls 

Cells were seeded at 200i)S)/wcU and cuUurcd for 48 h, 8 hen 
stimiilaied ^'ilh medSfijm alon«^ or wilh h/rNF-a at concen- 
imslons rangif^g from 0,5 to 5 ng/ni!. TNF~cx INH was 
slaidied at three dorses (2, iO and 40 U/mi). After 72 h 
mcubation, PGE2 produce ion was measured in the SN by 
ysd(oi?nniu?i05;^S5ay, mlng an antiserum to PGE^ (generous- 
ly provided by Dr. L. Levine, Brarsdeis UinveisisVj, Wal- 
tham, MA) [4j, 



ZM lmmumo!iummm^€:& stnmmg of eel! ^lerfa^^e assf igei^ 

HLA membrane expres,siors was mea^sured after stmiula- 

lion of 5 ml of Colo 205 cells (2 x li^ cens/mO eullured for 
24 h prior to stimulation, Cclh were stimulated mih eith^^r 
hrlFN'V (lO U$m\) or hrTNF-a (1 go 10 ng/mf). As a 
cof^troK cells were cultured in medium alone. For the 
indiieei: imifiurBOiluojeseeisce srasnmg of cell-^hUrface mli- 
geas. sj FITC coupled goat asui-mou^ce IgGj conjiigate 
(GAM"FITC^ Cbuhcr imjs^iinoSogy) wa.s used as the second 
aralibody at a dilodon of 1 :40, 

Afisr slsmulaisoai, cells were washed twice in PBS ami 
lesuspended in PBS conrahimg 5% HSA and 0.01% sodium 
a^ide.Thc cxsHs. (2 K 1S>VI(>3 ^4l), were then incubated for 
'}0 min wath die indicated mAb or moi3s;e igG^ as a conlTo! 
for norsspceific sfainiog. The cells wen^ washed twice as 
mdicaccd above and rncubated O^'C wsth GAM-FJTC for 
afufther 30 rom. Ufsbouod GAM-FITC whs removed by 
two wasS'ses and the cells were resuspcnded in 300 \k\ of FBS 
coniaisisng 2,5% BSA. FCM aiii^JysSs was perfoniied usiBig 
an EPICS 5 cell sorter (Coisltcr E5lcciromcs, Hialeah, Fl^). 



Tsbie 1* Fs-jriricariors of TNF-a iNH 



'Wc percentage of cellular HLA antigen expression was 
obtained by subiracuog the perceosage of cells sgamed by 
moose IgG^ from I he hiitbl percentage stained by eisher 
anli HLA-A3.C or iiLA~DR as^tibody An addition of 
17 channels of the peak of the fluorescence* srstenssty corre- 
sponds to a twofold increase of specific immynoOuorcs- 
cencc. 



3 Resiilts 

3J Psnflcalmss of TNF»a fNM 

TNF-a INH was purified from concentrated ur'mc by a 
threc-slep procedure summarked in Table 1. TNF-a INH 
was first aclsorbed on n TNF-a affinky coiomsi and hoiind 
maieriai elutcd with glycine buffer at pH 3,5 (Fig. 1 A), This 
slep removed the bulk of proteins which were nos bound to 
the column md rcsuhed in a IH-fold pasificatiors. How- 
ever, fractions coniainisig iohibkory acrhUy were mil 
heterogenous when analj^ed by SDS-PAGE followed by 
silver staining. At least Uuec major bands were observed 
(d^ta not shown). Tliere fore, the affinity-punfied material 
was further purified by ca do si- exchange FPLC chromato- 
graphy usiiig a Mono-S coiumn/INF-a INH bound so she 
ccsiumii and was eluted with NaC! (0.26'»0.32 M), ihis 
resulted m a farther 35- fold pirrificaUon (Fsg, IB). As 
minor contaminants were still prej»eju in she inhibitory 
fracfionK, the materiaS was Syophilizcd and subjected 10 
reverse-phase FPLC chromalography Bioaesive rna^eriid 
ekitcd m one major peak wslh 65%~70% aceionisrile (Fig. 
iC). Analysis of the snhibilor>^ fractions by SDS~PAGE 
under reduchig and sionredueing condicions reveled a 
single polypeptide band msgracmg with an apparent of 
33000, With ihe purificaHon procedure descritx^d (Sect. 
2.4), an overaH 8U70-fold purificadon of TiNP-a INH wa** 
achieved sviih a recovery of abo^t 3.3%, ITiis purified 
proteh^ wa^ used for ?he biochemica! and bioEogical char- 
acrerbsations described bcSow. 



3.2 NHj-lemsissal asMso acid seqisessce of TNF-a INH 

Fracsioas from the reverse-phase FPLC column were 
de^salted by reverse-phase microbore HFLC BsologicijOy 
active material was located m a single peak m the HPLt 
profile {Pig, 2» peak B)- The proiein hsd she following 
NH*4erm5r3a! amino acid sequence: 




3) AcHvsty wss nrseiisjifed by s cyso- 
E:o»;ici£3^ asisay mlng ihc TNF-a- 
&ii^4£;p£ib1ece£l Sine L-929(see Scci. 
23), 

b) Based on §hC spcdfac sicifiviiy of ihc 
sraied by (Nfi^L^SO-nIc 
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(A) E)i3Uosi pfoOle of l'NF-a-at^.nliy 
columBi, TNFca IHH ads»it>cd obi tfee 1^11 
aff«3ity coBumn was cButed as* desjcribed m i^ix 
Sees ,2.4. Cfi^ 1 iifm frac c johs \vc ?tc sic diked 

m^d tested m 1 : 50d\luikyn brTNF- ^| 

a { L(i ng/mO m the presence of £ii:tinGnty- ^i" 
ds D { ,1 ^^''?r3i) using a cytosaxichy ns^sijy. ||f 
Bars repre^^es^J , m i^ho m (B) and (C)v ccli ^| . 
h'^ls; r3Jc:3Su r«^d in the pre^ncc of Qaifs^i-- 
mycks D (□) sad inasBnoriBveiJi D pti^^ 
hfFNF-a (S). njspecl h'tsiy: Values* r«pre>- :|^|| 
sen^ cell iv^is sija^iJiSvfd by dye i^ptiikc si itel 
STfilriBT^ {'#^#), pTOSeiiTi chttioB^ % 
recorded at A2K:i jum . (B) Urn profile at 

digraph Inhibifof^ fnieik^m irom 5lttr |- 
^f^risty ^tep wer^^ loaded onXQ <i Mosm-S 11^11 
FFLC c<aUon"tj:^c]^aTige c^ib^j^n asid run <^ itti 
d^^scribcd lu Sees, 2,4. CoIu5«d tacfio&s ^| 
^^ffsf u^sJed \M 1:25 ililiAtbn agai^sr 
hiTNF'a( L(S ftg/m1) as jj? ( A). SyrfBboBsiSS 1^11 
in (A). (C) EliJisoJ^ profile of fev^^rsss- 1^11 
phase chromaitogjaph)\ lB^BsiB:?itory fsrsfi- itell 
sions from iha ion-excJias^gc chroma sog??*- Il^il 
phy %icp svere Jmded onto Pro RPC 

described m Sc£:t. 2 A. Colmnn fracnons i^li 

we£c lyopb sliced, r^sysp^f^^^^d in 10 illl 

Tiris4TCK pH lA. co«?ai^tif?g 2 ED;m |||| 
and t£:sced i : 50 agiiifist hrTNF-a 

(2 fBg/n?1) as m fA). Sy?nboS5). iis m (A). Ml 

I 

I 2 3 4 5 6 7 8 y 10 1} 12 13 14 15 16 1? i»i 

J Residues position 4 and 14 were noi identified byt |A 
probably correspond to cyiileine residiics. Analysis of 
?s^5n^pl€ defiva?:ked with vinyl pyndme would be reqdred to 
coiifiroi this. ifcl 



Figure 2. ElmloB profile of rcvi;rsc~pha$€ chrosi^ffiiography* Irshib- 
feiory fracJsoiri.^ from Fig, IC vitltc londed onto a Brownlcc L^sbs 
RBS3&-) coSunsn mid ruQ a^; dcj^crfbcd ^a^ Seel, 2,4,Thcr sinijjor po^k 
(B) ehitt'd ii? 39% of acctonilnSe asid was ujscd for iS^Hj-termmal 
iijiimo acid sveqiicjfsce: dcSijmiimlioBi. 



3.3 TNF«a INM/TNF-a lfslemc«ioffS 

Fiirificaeion of the T'NF-a INH was carried out m'mg a | 
TNF-ct affinity chromatography. U is reasonable, fherefcre* | 
So assuroii iTEol^jcalar recogmtion betw^^en TNF a and ih^ | 
mbibitor. However, as varioys other proteins bound miu- 1 
speclOcaliy to the affijiily colunin^ we further iiivesdgssed 
the mteraction of TNF»a and the inhibilor by get filrratiQii. 1 
TNF-a is a trsmer of 52 kDa p7|; iss molecular mass is 
slighaiy usidere^iUmaSed by g^l filsmlion, values teeiw«<sa|i 
40-45 kDa an; ysualiy oblainedo If tber^ is a 
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l^bk 3« TNF-a INH regulates ferXNF-a of HLA- 

A»B*Q ex^^ion m Colo 205 mmor celi iisi^^^ 




I 



1 



i^j??^?'^ J. Evidence of 'rNF-ta-O^NF-a INH mscraclson, ^"^-'^I-TNF-« 
(1 ng) was applk'd ir^ Ihe absciice or prs^st^ncc of 50 U of TNF-a 
INH io a Supcro^e 12 FPLC colijmn, calibrated and run as 
described hi SccS. 2.6. J^aiisoactsvsiy of each frscssosi (0.5 ml) vvas 
eour^ted in a y-counscr. FrofiSc^t rcpresesi? cpm of ^^I~TNF a per 

ffscSBom hi abscBTiCiJ (A A) or prcs^tnec (A— of TN'F-a 

INH, The clmioK p^isition of Ihe Mr markers is indjcalcd. ThCr 
abbrcviasioas. wsiisd «n;: DB, b{ue dcxgirjifs; Fb, plK^phorySase b; 
BSA- OA» OVA; aCT", i^ipha-chyTS^CBiryps-Bfiogen; SBTI, sioybeass 
?n'psi« smh^bitor; RNasi;, ribonuekusc and <l?red> phcirtQi red. 



mteractson between TNF-« and she sohibuor, ^-^I-TNF-a 
ATOuid be expected io eluie at a highc? value. This was 
demosistrated experimentally by mmng 50 U of purified 
TNF-a INH and the same amoixnl of ^^^l~TNF-a and 
$ubj*;c8ing the mixture lo gel fJfiaiion. Radiolabeled 
TNF-a e^uied with ssboul 75 kl>3 e^^anpared to a vtalue of 
45 kDa obtained when applied to the colunm aSone 
(Fjg. 3). The increase In moL ma^ of 30 kDa corresponds 
to die mass of t!ie TMF-a INH, sndicatiag cosBpiex 
fbmianon. 



3*4 lixhiMlloss of TNF-is-issd^ced PGE^ prodssdioss by 

Fiiiified TNP-a INH was suidied for its ability to block 
hrlNF-ci-iftduced PGE^ production by dermal fibroblasts* 
llisnian dermal SbrobSa^ts exliibised dose-dependcfit PGE^ 
; fjrodiictios? with up to 5 ng/m] of hrTNF-a. In contrast, 
when TNF'G I?4H (2, 10 and 40 U/M) was added io 
i8feK>b8asts it had iso effect ou the basa! production «f FGB2 
!{1able 2),Tlie PGE2 production slsKmlaled by hrTr^a was 
nilhibired by TNF-a fNli in a doj^e-dependcnc manner. The 



a) TNF-a INH or cuhisre mciiia aiiwno was incwb^jicd with 
hrTNF-a (I or 10 irig/«\i) eaChcr m the absence or prtrstjnt:*; of 
KriFN-Y U/m3).Valiies indicate peak Qiiorcstx-noe inBiiansUy m 



sahibiioTy aciiviiy of TNF-a INH appears competidve, as 

Increasing concent raiioB^ of hrTNF-a reverse Ihc mhibs- 
Ugii> These data (sumoi^rszed In Table 2) suggest thai the 
TNF-a INH k capable of blocking hrTNF-a induced 
biological aesivky whhoi.3£ actinoniycin D mid withoyi 
affecting the basal ievet of PGE2 production. 



TNF<£ has been reported to induce class I HLA"A>BX" 
molecules, in OTnlra.s! lo class i, class* 0 HL<A glycoproteins 
can only be mdiiccd by TNF-a m the presence of IFN~y. We 
therefore thought it imporiam to investigate whether the 
TNF a INH modulates TNF~a indi^ced antigen clas^ I 
liLA-A.B^C and dsjss 11 HLA-DE exprc^sSion on the. 
human Coio 205 tumor cell line. Co!o 205 cells expressed 
H1-,A-A„B,C antigen spoaianeously without sdmulation 
(Fig. 4A). After 24 h stimulation vAih either hrlFN*Y 
(3 U/iTsi) or hiTNF-a (I-IO ng/'ml) HLA-A,B,C das.s ! 
expression was signific^flfly increased. S^rlFN-y (3 U/mi) 
induced a fourfold mercaKe in cla-s^^ I Hl.A«A.BeC expres- 
sion, whereas hrTNF-a (10 ng/ml) produced a tyi.ofoid 
increase in imtigen expression (Fig. 4 A and B)> 

TNF-c£ INH partmlly blocked antigen expression when eelis 
were stimulated by hrTNF-a (! ng/ml) alone or in eombi- 
smtion wirh hrlFN-y (3 U/tnl). In coairass. ^tigen expres- 
sion induced by a higher coneenfnitioa of hrTNF-oi 



T»t4^ 2« TNF a INH blocks hrTNF a-induceci FGE2 produciEon by dermal tibroblsises^^ 




a) TNF-K INH or buffer nlosac was ificsjbsiiud wsth 
various coTsccsirrslsoos of hflTSF-a, FGE^ pro- 
duction by cuh ijicd SmmsFJ dc??iaul f?brobiasts was 
' m^aiiured uii^r 3 days of culture A^'slues rcpr^seo! 
fs^caiis ± SEM {?$ = 3). 



W2 P. Seckingcr, E. Vcy, G> TuraHs ah 

(U) ng/mi) was uisaffccted by ihe addkioi^ of TNF-a INH 
{ 10-30 U/ms). This was nol imc when hrlTN-Y was also 
prcsisni; psrimi inhibition was observed In ibis case. 
IsidycUoa of sntigen expression by brlFN~Y sioi 
liffecied by Hse prest^ncx. of rJicTNP-a rNH,ThifS, when the 
inhibilor is added with hrlFN-Y ajone or in combmation, 
an I igers expression sl ill occurs, The results of Chissmion are 
summarteed in Table 3. 

Colo 205 cells express HLA-DR antigen sposHaneoiisly 
wiUiouS sitimytaliors (Fig. 4C). After 24-h stknuladon wuh 
hrlFN-y (iO U/ml), JiLA-DR class O cxpres^siors Increased 
aboul iwofold, hrlFN-y (lO/mO in combination wiJh 
hrTKF»a (10 ng^'n^i) iiidajced a fourfold increase m oxpres- 
snior fhrTNF-u alone had no effect). The addicion of TNF-a 




50 100 2QC SOO 



Figure L TNF-a INH rcgolAiers indticJios^ of HLA-A,B,C aaui 
A- DR expression ibc Colo 205 luraor cc!^ Imc, (A) FCM 
aiF8ii;lyscs til" HLA cbsjfi I unSigcK c:rpmssh>n of Colo 205 Utrsor cell 
hnc m rcsp3«sc lo cuiiurs; S3?ediism hsTNF-a (1 ?ig/ml) (b) and 
hrTNF"-c« (! ng/'mi) m the prcs&rsce of TiNF-a INH (30 U7mO (c). 
NoEi^pccafic ^E^sinmg of \hv ceils (— ) wjis del^srmin^^d. as m (B) 
'djid (C), by Bsmg a mouses IgG^^ FCM arjalyscs of HLA cias.^ I 
afijrsgcri t-s pre^isiosi of Cofo205 lumorcdl re^poosc mcsiiJyr^ 

mediufBi fa>, hrlFN-YC3 lU'ml) (h), hrlFN-y (3 U/ml) a.ad fsrTNF-a 
( 1 nglml) Without (c) lind wubTNF-a INH (30 U/s^l) (d). (C) FC^I 
aPiisl^'^is «jf HLA-DR U anngcn cxpressEon of Co!o 205 tismor 
cell Imc iii respOFJscof ctiliuirc sxtcdsuan (a), brlFls'-Y (10 U/ml) (b), 
hrlFN-y (IJ/ml)* a«d hrTNF-ii (iO ng./mj) wHhom (c) aif^d wiih 
WF«a INM (30 U/snl) (d). 



laibfc4, TNF~a INH regulates hrTNF-a/hrlFN^ syricrg^siss £|| 
HLA-DR tfxprcssios? In Co3o 205 tiimor cell Vmi^^ 




a) 'TSf-a SNIi wa?? incubated wish mmbmaiiori^^ of luTNF^i 
(iO ng/mr) and hrlFN-Y (^*^ U/mO Values if^dicalc peak iSuo;- 
^;sccJ^c4^ btensiiv m arbilnrry Ufi^ls. 



INH alone at eUher 10 or 30 V/ml had no effeci on c\'^!s$ il 
isndg^nexpre^ioii but incellssUmiala^edby bfYNF-ainthel 
presence of hrlFN-Y.TNF^x INH inhibited expre^iors m^t 
dose-dcspendcisl manner {Fig. 4C). As was ihc case mikM 
cla?>s I antsgers ejcpression, induction of cla^sj 31 expressksj?! 
by hrlFN-v sifone was not affecied by the presericc ofl 
TNF-a INH. Thu^s, when (he snhibitor was added wjih 
hrTNF-a together wkh brlFN-y* ^he antigen cisprtsssim 

thai obiained by hrfFN-y alone. The results of 
secdon are suoisniifrized in Table 4. 



4 Dkcisssloss 

The TNF-a was punficd from concentrated urine by | 
ligisnd affiBsty chronsalography foilowed by caiion- 
exchange and revcrse-pha.se FPLC ;:h5omatographks 1 
Mici-obore reversC"pha?>e HT*LC was performed prior lo | 
sequence analysis to remove trace amouriss of costs miaiat* 
ing proteins. Hie melhod described herein resyhs in about | 
8 X lO^-foSd of proleifi purification. This high purificaum f 
factor may be m overesdmauonasthe inhibitory HCtiviiyMj 
cos^centrated urine partUily m^^skcd by cyioiraicilv 
1 19]. 

The NHr^^^niiinaJ muno acid sequence of the TNF-a IN>I 
showed no ^imilanHes wiib proicsns in ihe data bfsses us^l 
(Swiss protein aad FIR) but may be idenlicsil to She protem 
recenUy reported jointly by Olsf^on ct aL [21] and by 
Engchnanfi ei aL [22|. More extensive sequeoeing will ; 
required in order io dcsermine whether thk proiciij ; 
sdes^ticaJ to Ihe iniiibiior described heng, 

Wc have previou^^iy derrsoastrated that !hc bhiding of ■ 
^^l-FNF-a to sis recepior was infiibhed In a dosse-dependem 
manner by the addition of TNF-a TNH f20| suggesting a 
direct inliiractson beiwecn TNF-a and the mhibitor; TIsfe 
hm been confirmed by the gel SitraUon expcoments 1 
described in this report. Tlse dissoc?aUoii comiani mmt be 
qiiite high a stable complex h fooBed tlmi does nol 
dissodatc during ge! filiratiosi. it is most Ukciy that iMi 
inhibitor binds to region(s) of lhellS[F ssoleculc liivoived I 
re^plor bmdmg.To be effcciave m viw at conceolraiiuns 
eqoivalcni or Jess IhanTNF-a, k must, ihcreforc, hind mih 
ao affisiiiy greater or equivaleiu to that of TNF-a for m 
celiu!ar receptor. 




1% J, Issm^snoL 19%- 20-m^-Wr4 



I lime fmm normal donos^ contains high conce durations of 
soluble, presumably proce^^d, forms of the IL 6 and IFN ^ 
llibpioffs [2S], Henc^> it a possibilhy that thcsTNF-a INH 
is a soluble form of a TNF-a rcccpior. As the three- 
|iim<^rsslona! stmcture of TNF-a 3ias been rec€nlly de- 
Issjob^d [29] ii will be most inaeresiii^g to corsssder co- 
Ici^fi^liaUixaU of this protean wilh a natur;isi inJiibiton 

fW^ have previously shown Shat hffNP-a induced FGE2 
i pR^dxscUon by demsaj fibrob]iist$ can be; partlaUy blocked 
: by the addition of TNF-a INH [20]. Hovycver, as these 

experimefsfs were carried out with partiaUy purified mate- 

d£sL we wished 8:0 elimhiate the possiblUsy ibai cont^mi- 
imtM were r^spoBisibk for basal PGE2 production. The 
htjsiilfs summarised inlbble 2 indicate that purified TNF-a 

INH docs not soterfere with basal levcS of PGE^ prodtiction 
; by d^^rmisl OhrobSa&ss. Whether TNF-a irilsibiyon of PGE^, 
;i api5di5cx wilh imporVAni bone resorpdve activity [30, 31], 
i isoniy beacfidal remams to be mvesrigated/Fhc possibility 
; fet the TNF-a INH also bfocks TNF-u-indwccd collagen- 

ase is m present besng mvesligased. PGE2 can exert 
liseganve feed-back regulation on iissue di;st inaction by 
Necreassng boUi IL I and TNF-a release from LPS~sEimu- 

laled macrophages [32-36], Hence, rhe obscrvcUton that 

i IR*4>^. which decrease?!* PGEj product sors, augmenis lec^m- 
induced monoevce TNF-a producUon by five-to sevenfold 

I If hm been prcvsously demoTistrased that TNF-a easi 
ffecre^ise specific mRNA levels and the s?jrface expression of 
; ifLA-A.B.C aniigcras in vascuSar endothtslial cells imd 
Ipsm^E fibroblasts |3SJ>. TNF-a has also been found in some 
iifeinsor cells 10 enhance clai^ L and in synergi:ism wkh fFN-y, 
I HI- A ela:^5 II isniigen expression by increasang po^S» 
Ip^nscripiional ge?3e expression [8]. HrTNF-a did not 
Ipdnce HLA-DR expression in the Colo 205 human cell 
• fine. However^ hrTNF-a increased HLA-DR expression 

wii^in ihc ceils were pre-indnced with IFN-y The synergissi? 
|l?eiween IFN-y ^^id TNF-a has i^lready been reporEed for 
IpTivirai [39|. anliproliEerativ& activities [40| as well as the 

ssdiiction of c>iochromc ^245 heavy chahi expression [4i|, 
li^ddirion of TNF-a INH to Colo 205 cells prevented class I 
||?i?igen expre5^8on in a dose-dependent manner. In addi- 
i||pn> the inhibitor blocked the synergist^ effect of TNF-a 
iFN-y class Ii lELA-DR expression. These obscrva- 

ii mm arc of ij«portance a% no natural modulator of aTNT-a 
liSdiseed cSeci on the immune syslcoi has been reported so 



|i|cM be hypothe^i^ied thai the absence of fhe TNF-a INH 
lIsmiTS in type 1 diabetes rescuing ui ai? inappropriate 
igspmssion of class 11 antigen in the panereatic sslet B c^2\h. It 

beeai demonstrated th<?i IFN-y alone is mcffeetive in 
:i ^Incmg class If expression in these cells [42] and requires 

pTt^seace of TNF-a or iymphoroxin. Whether the Sack of 
|l|pFWx INH is responsible for She onse! and the fnainte- 
llllsce of this d35ease is not known. 

|i^iF<i, at certain concenlraiions, has becsi shown £0 have 
||i^MI\' acii%iiY |43| bm, at lower conccntraiiofiiSv cars 
Isc^ expression of HIV in a chronically mfccfcd T cell 
|44], As different levels of TNF~a are required to 
^er osie or other of these 4?ctivi&ics> one might eonnUer 
Ipfeiher the evoiution of She disease b due to changes in 



TNF-a INH production vyhkh in turn would regulate levels 

Out resuhiS and those of others discuss^ed above emphasize 
addhional control feaksres of TNF-a activky m addition io 
those prevsoy.sSy described . namely PGEt (32-37) and 
glucocorticoid [45, 46] reguialion of TNF-« ffrsRiSfA/lTie 
TNF-a INH, as described m this study, modulases hiTNF-a 
induced cytoloxicicy, inf1smnia£or>' and immianomodulai- 
ing respon.'^e:;. The in vfvo balance between TNF-q and 
TNF-a INH may be essential for homeosta.sis. but is will 
have to be estabiished whether ccnaio p3tbologic«&! sllua- 
don^5 resiuils from a tack of TNF-« INH production raJhcr 
than an iocrcase in. TNF-a production. 



We wQiiid iika: 4a (hmk Nadme Hi4bcr for igaip in preparing she 
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